Many of the clinical, as well as morphological, changes that follow the production of ischemia of the kidney can be reproduced when extracts of this organ are injected intravenously into bilaterally nephrectomized animals. The survival period is shortened, the rise in non-protein nitrogen and the disturbance of electrolyte balance of the blood are accelerated, and hemorrhagic and necrotizing lesions occur involving heart, blood vessels, and other viscera. 15 Further study has been directed toward determination of the specific cause for particular changes induced by kidney extract; to this end, the extract has been fractionated by physico-chemical technics, as have extracts of other organs.
Early in the course of the study it became apparent that the effects of the extracts on the coagulation of the blood would have to be borne in mind in the interpretation of the signs, symptoms, and lesions following their injection. Many factors involved in intravascular clotting have become apparent; among them-the clotting time of the blood in relation to the changes in the wall of blood vessel or heart, the greater susceptibility to coagulation of the blood in particular portions of the vascular system, variations in the efficacy of different organ extracts and fractions in bringing about coagulation, and the possibility that different organs may influence the coagulation of the blood in its transit through them. The bases for these observations will be included in the following report.
Literature For the purposes of this communication only a few of the many phases of blood coagulation need to be borne in mind. That bruised and broken tissue introduced into the blood stream causes intravascular clotting has been known for more than a century.1 Wooldridge16 rediscovered this fact and called the agent "tissue fibrinogen." Howell6 suggested that it was cephalin, and Mills' showed that it is a protein phospholipid compound, now known as thrombokinase,10 thromboplastic substance,6 etc.
Wooldridge was of the opinion that intravascular clotting is proportional to the amount of "tissue fibrinogen" injected. This explanation has been shown to be inadequate. On the other hand, his-observation that blood obtained at the time of injection of "tissue fibrinogen" had a delayed clotting time has hardly been given the attention it deserves. He divided the phenomena following the injection of "tissue fibrinogen" into two phases: a short, positive phase determining thrombosis within the vascular system, and a negative phase determining inhibition of the coagulability of the shed blood. The term "negative phase blood" has since then been used to cover all the different degrees of slow clotting due to the injection of tissue extracts. Martin, 7 who found that viperine snake venom conformed to the "tissue fibrinogen" of Wooldridge in its effects on coagulation, also observed that the result is greatly influenced by the rate of introduction of the material. Rapid injection tends to produce the positive phase. When similar, or even considerably larger, amounts are injected with extreme slowness, intravascular clotting does not occur and the drawn blood is thereafter found to be less coagulable. Like Wooldridge, Martin found the negative phase to become more pronounced in proportion as greater amounts are slowly introduced. As a rule, the negative phase blood, due to injection of venom, can be induced to clot by the addition of "tissue fibrinogen." In some cases, however, Martin succeeded in producing a wholly incoagulable blood. Mellanby8 established the fact that the wholly incoagulable blood may contain no fibrinogen. This decrease in fibrinogen of the negative phase blood, corroborated both by Gutman3 and Mills, 10 has been proved to be only one of the possible explanations of the prolonged clotting time.
Tait and Burke12 showed that the platelet response to the injection of tissue extracts also must be taken into consideration. The drop in the number of platelets in the circulating blood after the first injection is followed by a prompt rise toward normal, but when the extract is introduced repeatedly at short intervals and in increasing amounts, recovery after each successive drop becomes less effective and ultimately the blood may become practically deplateletized. These authors point out that in their experiments reduc-tion of platelets was always accompanied by diminution of fibrinogen, but the two did not seem to vary proportionately-platelets may be absent when fibrinogen is still abundant or fibrinogen may be all but absent when a considerable number of platelets are still present. They demonstrated that the fall in platelets is associated with the presence of particulate matter-cell debris-in the extract. Such a fall follows the use of old extracts whose effects on the coagulation of the blood have been lost. Moreover, Tait and Elvidge"3 demonstrated that any finely powdered inert material, e.g., quartz, gives similar results. Tait and Burke conclude that "the fall in platelets is due rather to the particles in suspension than to the presence of any specific substance or principle." No reference has been found concerning variation in other factors associated with the coagulation of the blood during the negative phase.
The clot that ultimately forms in such negative phase blood seems to vary from the usual type. Tait and Burke found that when platelets are few fibrin will not collect when the blood is whipped, but the blood ultimately clots in lumps. When the platelets are relatively abundant, the fibrin may be collected by whipping but the rest of the blood remains fluid. Mills and Martin distinguish between thrombin clot and kinase clot, which they believe differ in their gel reactions.
It should also be noted here that animals recently fed are more prone to intravascular clotting, particularly of the portal system. This is attributed to the high lipid content of the blood in the vessels associated with digestion.9 The fact that vitamin K is absorbed from the alimentary canal and is essential for the formation of prothrombin by the liver is significant.2 This process may be related to the incidence of thrombi in smaller vessels of the liver.
Symptoms associated with the injection of different tissue extracts have been described in the earlier literature, particularly by Wooldridge. These include difficulty in breathing, convulsions, loss of consciousness and sphincteric control, and, finally, death from thrombi in the right heart or pulmonary arteries. Later observers, working with particular extracts, especially those of the kidney, have been interested in specific reactions, including both vasopressor and depressor effects.4 Relatively little attention has been paid to the general reaction of the animal or the relation of the effects of the extract on the coagulation of the blood and the bearing this might have on the morphological changes encountered.
Materials and methods
As in the previously reported experiments, dogs were the animals of choice. The tissue extracts were tested upon bilaterally nephrectomized as well as with normal animals in the majority of instances. Pig, beef, and dog kidney, and also pig spleen, liver, muscle, lung, and testicle were examined. Saline extracts of the minced organ and saline extracts of the dry powder after acetone-ether treatment were used, as well as were some further fractions. 15 These preparations were made in bulk and stored at -18°C. in lots of 100 cc. after they were shown to be free from baceria.
Symptoms associated uith the injection of tissue extracts Attention was directed to the variation in the reactions associated with the different extracts. As indicated in the earlier communication,14 these were usually negligible when the saline preparation of the powder after acetone-ether extraction was used. Only in the case of testicle extracts did they persist. As has been noted by others, these symptoms could be avoided in large part if the injections were made slowly. Without such precaution, great difficulty in breathing, marked nystagmus, convulsions, and loss of sphincteric control resulted from the injection of crude extracts of kidney, lung, etc., or from injection of the acetone-ether pre-treatecdtesticle preparation. In a few instances the prompt appearance of these effects resulted in death of the animal. Much more often, when the injection was temporarily stopped with the first appearance of untoward signs, these would be less severe and require a few minutes to manifest themselves after completion of the injection. The animal might become quite unconscious, froth at the mouth, have lateral and even vertical oscillations of the eye, and exhibit generalized spasticity. This state might last several minutes and be followed by great weakness, inability of the animal to stand, and, occasionally, temporary or permanent residual paralysis. Bleeding from the bowel and other mucous surfaces not infrequently occurred during the recovery period. Still other animals withstood the injection without marked untoward signs and then developed, days later, alimentary bleeding or some of the other above described signs, like convulsions. Typical examples of these various reactions follow.
Acute death after injection of crude kidney extract Death within two minutes after the intravenous injection of 5 cc. of a saline extract of minced normal kidney occurred in dog No. 556, a large beagle weighing 52 lbs., which was in a late stage of pregnancy. Her blood pressure of 122 mm. Hg and non-protein nitrogen of 28 mg. %o, as well as her general appearance, indicated good health. Following the slow injection of 5 cc. of the same saline extract of kidney that was being used without untoward effects in other animals, this dog's respirations immediately became deep and very slow, nystagmus was marked, and she died within two minutes of the completion of the injection.
Eight well-developed pups occupied the greatly distended uterus. The placentae showed fresh hemorrhages. A large corpus luteum was present in one ovary. The right heart contained extensive, pale yellow clots, caught between the chordae tendineae of the tricuspid valve leaflets. They filled the right auricle and, to a lesser extent, the branches of the pulmonary artery. The rest of the blood, particularly that of the left heart, remained unclotted. The antemortem nature of these clots was confirmed with the microscope. They were composed largely of agglutinated platelets, with crevices in which islands of red and sometimes of white cells were caught. Fibrin was demonstrated in small amounts only. The valves in contact with the clot contained dilated channels that were interpreted as lymphatics filled with granular precipitate (Fig. 64) . The surrounding tissue was edematous and contained an increased number of mononuclear cells as well as red blood cells. The lining endothelium of the valve, although generally well preserved, was lacking in small areas (Fig. 66) . Some of these denuded zones were covered by clot, and therefore could not have resulted from manipulation.
Several observations in association with this experiment should be stressed. The result described above is unique among the relatively large group in which crude kidney extract was used. The nearest approach to it was cessation of breathing and convulsions in another pregnant dog, No. 8 1, but she recovered temporarily and at death, several hours later, the peritoneal cavity showed an excess of fibrin-containing fluid, the surfaces were injected and covered with focal hemorrhage and flecks of fibrin. The placental sites were brown, necrotic masses and the well-preserved fetuses in their intact membranes were free in the uterine cavity. The postmortem examination was made several hours after the animal died and as attention had not been directed to the occurrence of thrombi after the injection of extract, they were not looked for. Both animals showed placental changes. It is well known that the coagulation time of the blood is shortened as pregnancy reaches its termination and under these circumstances the addition of a tissue extract to the circulating blood would naturally be more effective in producing thrombi. Several other pregnant animals aborted at varying periods after partial constriction of the ureters. All showed hemorrhage and necrosis of the placentae. Whether this is effected by thrombosis alone or associated with the necrotizing agent liberated by the kidney has not been determined.
That thrombi may damage the delicate endothelium of the valve where contact is made, as seemed to be the case in dog No. 556, is of interest. As will be seen, organization proceeds rapidly. The endothelium tends to cover the clot, and granulation tissue emanating from the valve invades it (Fig. 68 ).
Slower production of thrombi with crude kidney extract The experience with crude kidney extract in the pregnant animals is unique in that death occurred at the time of injection. On the other hand, injection of this particular type of preparation is almost invariably associated with thrombosis, both in nephrectomized and in normal dogs. The thrombi may be occlusive and associated with pulmonary infarcts, gangrene of the bowel, etc., but this is relatively uncommon. More frequently the thrombi are found only histologically. They At times he showed an extensive drop in blood pressure, nystagmus, vomiting, and occasionally even prostration. At other times no reaction at all occurred. After 19 months of treatment both of his kidneys were removed, and 5 injections, totalling 70 cc., of crude kidney extract were given subsequenttly.
The experiment was terminated on the sixth postoperative day. In this paper only the thrombotic manifestations will be considered. A ring of edematous, fibrous tissue encircled several chordae tendineae of one leaflet of the tricuspid valve. Fresh, stringy, gray-red, thrombotic masses hung loosely between other chordae of this valve, but there was no deformation. The microscopic examination confirmed the gross impression of fresh and healed thrombi caught in the chordae. Dog No. 45. A left nephrectomy was done on this animal on 8/12/38. Five months later a Goldblatt clamp was placed on the right renal artery. Injections of saline extract of minced kidney were begun on 4/29/39, and continued with interruptions until 11/22/39. Altogether, 655 cc. were given. Reactions to the single injections varied markedly. The typical pressure rise was always manifest, at times uncomplicated, at times with deep breathing, nystagmus, and other symptoms. Hemorrhages were found in the left eye-ground, there were tarry stools, and later, 3 weeks before death, frank blood was observed in the stools. Death occurred after 4 minutes of unconsciousness, following an injection. Many thrombi were found in branches of the pulmonary artery. The appearance of one of these under the microscope is noteworthy. A medium-sized branch of the artery is almost completely occluded; the mass consists of three easily distinguishable layers: an oval of fibrous tissue, poor in cells, is in direct contact with the subendothelial connective tissue of the intima and is covered by endothelium; above and capping this green mass is a larger accumulation of fibrin and lysed red blood cells invaded by monocytes near the center of its base; and this mass is, in turn, covered by a fresh clot of fibrin and red blood cells (Fig. 62) . Similar old thrombi with superimposed fresh clots were found in the radicles of the portal vein.
Absence of superimposed thrombi on mural cardiac and vascular lesions follozunng the injection of fractions of kidney extract. Still another fact of significance should be brought forward. All recent studies dealing with ischemia of the kidney, irrespective of its method of production, whether by partial or complete occlusion of the renal artery or ureter or by the silk or cellophane envelope, have included the extensive hemorrhagic and necrotizing lesions of the heart muscle and of the walls of blood vessels. The two processes, i.e., hemorrhage and necrosis, frequently are associated, but they bear no proportionate relation and, indeed, may occur quite independently. In fact, evidence has been presented in support of the thesis that the anatomical processes, including hemorrhage and necrosis, are each associated with particular and separable causative factors."5 This has its analogy in the physiological manifestations where specific agents are responsible for the vasopressor and vasodepressor effects.
Here, it is desired to stress the extent of the mural necrosis and hemorrhage without superimposed thrombus. The hemorrhage may actually break through the epicardium to tinge, or more definitely color, the pericardial fluid, and by the same token it may bulge the endocardium and actually break through the delicate membrane. Even under these extreme circumstances no superimposed thrombi may be found.
Dog No. 365 was injected daily for 4 successive days after removal of its second kidney with 20 cc. of saline extract of the powder resulting from the acetone-ether treatment of minced dog kidney. There were no marked clinical symptoms except the characteristic "renin" blood-pressure rise and a convulsion, occurring about 5 hours after the last injection. At autopsy extensive hemorrhages were found in the walls of the intestines, lungs, and under the endocardium of the left ventricle. The dark blue surface of the latter bulged and was roughened. Even with the microscope, no thrombi were found over this hemorrhage or associated with the large number of necrotic vessel walls present in many organs.
Testicle extract Experiments with testicle preparations will now be recounted to contrast with those with the kidney extracts. The crude extract was not used to any considerable extent with either nephrectomized or normal dogs. The violence of the reaction to its injection greatly exceeded that of the similarly prepared kidney extract and was not materially decreased when saline preparations of the powder after acetone-ether extraction of the minced organ were used.
It became apparent early that even very small amounts of these testicle extracts introduced intravenously might result in serious effects. Consequently, it was injected with extreme caution and quite slowly. Later it was found that such precaution was only necessary for the first 1 or 2 cc. and during a primary period of a few minutes. Then a much larger quantity may be introduced rapidly without untoward effects. The basis for this will be detailed later in the report.
Particular and typical reactions as observed in the large group of bilaterally nephrectomized dogs and in normal dogs that received testicle preparations are recorded here. Acute death after injection of saline extract of powder nade by extracting minced testicle with acetone and ether Dog No. 520. Both kidneys of this small mongrel of 14 lbs. were removed on 10/17/40. The next day he was injected slowly over a period of 3 minutes with 10 cc. of freshly prepared saline extract of the powder made by drying the residue of minced testicle previously extracted with acetone and ether. After a brief period of slow, deep breathing the animal seemed normal. On the next day the dog was similarly injected. After 2 cc. had been introduced, the respirations became affected, the animal retched, and died 2 minutes after the injection was completed. A currant-jelly-like dot beginning at the point of injection in the vein of the right fore leg extended into and distended the vena cava and both of the cavities of the right heart.
Occasional small, buff-colored, more solid masses were found within the larger clot and similar ones were attached to the tricuspid valve. In striking contrast was the fluidity of the blood in the left heart, in the veins of the left fore leg, and elsewhere in the body. The nodules on the tricuspid valve were proven with the microscope to be typical platelet thrombi, as were the small gray masses in the jelly-like clot. of dialyzed saline extract of minced testes. Symptoms following injection were mild and included only labored respiration. On the fifth day rigidity of the skeletal muscles developed. To determine more clearly the nature of the clots which experience had indicated might be present in the heart, the animal was anesthetized with ether, the heart exposed, and, while still contracting, the right auricle and ventricle were incised. Dark red fluid blood escaped and as this was washed away with normal saline, many small clots were found adherent to the wall of the right auricle (Fig. 63) . Similar masses clung to the chordae near their attachment to the valve leaflets and sometimes these impinged upon the free edge of the valve, but more frequently they were seen on the chordae through the intact arches at the end of the valve. Still another and larger clot encircled a group of chordae very near their attachment to the large anterior papillary muscle (Fig. 63) . The clots tended to have smooth or slightly ribbed, coral-like surfaces. They were gray, flecked with pink, or more definitely colored, even dark red, and they were very friable. The endocardium of both the auricle and ventricle, where uninvolved by these clots, showed many red discolorations beneath its smooth surface. These discolorations were present in the leaflets of the tricuspid valve, the pulmonary artery, the left ventricle, which was free of complicating clot, the myocardium, and also under the epicardium. A few small hemorrhages were found in the lung and a larger one in the wall of the gall-bladder. Histologically, these clots conform to the usual fresh platelet thrombi with variation in fibrin content and red blood cellg. Hemorrhagic and necrotizing lesions of heart and blood vessel walls generally were present.
Fate of free clots caught in chordae tendineae. The fate of these clots caught in the chordae is well illustrated by a whole series of animals whose kidneys had not been removed and which had been treated, in some instances for long periods, with fractions of extract. The clot may become entirely organized and covered with endothelium; then it appears as a mottled or more definitely white, smooth patch thickening the chordae and binding them together at the typical sites, i.e., near their attachment to the anterior papillary muscle and also at their insertion in the valve. When such a process involves the valve edge nodular thickenings occur involving valve and chordae and distorting the architecture so that morphogenesis becomes impossible. This is illustrated in the following example. Dog. No. 354, a large mongrel was injected once a week for 6 weeks with 3 to 10 cc. of saline extract of the powder resulting after extraction of minced testicle with acetone and ether. The 6 injections involved only 34 cc., but the reactions after all but one of them were severe. Indeed, the animal died immediately after the last injection. The usual fresh clots, compatible with death at the time of injection, were found in the right heart. When these were washed away with saline the edematous valves, with nodular masses involving their rounded edges and extending along the thickened chordae, were exposed (Fig. 67) . The nodules had smooth surfaces and were quite milky in appearance. Similar changes were found in several large branches of the portal vein. With the microscope all of these areas showed simply an increase in avascular fibrous tissue rich in cells, particularly Mnonocytes.
In contrast to the condition just described it may be well to include another example where the clot caught in the chordae continued to propagate in the direction of the blood stream, even though it was thoroughly organized at its attachment to the chordae. This lesion is unusually interesting for another reason. The clot involves the chordae of the left ventricle. It less than 1 cm. in its largest diameter, hung from the wall of the right auricle by a delicate gray thread; two smaller and similar nodules were located between the pectinate muscle bundles nearby and others were found on the leafiets of the tricuspid valve near the base, as well as close to their line of closure. Some of these valvular nodules were covered in part by a very thin layer of light red material. The valves themselves showed both edema and hemorrhage. It should be mentioned that the usual clot was present, caught between the chordae near their attachment to the papillary muscle. Histologically, the picture was quite remarkable considering the very brief period, 6 (lays, available for the extensive organization to occur. The valvular nodules were largely composed of vascular granulation tissue. At one edge a more recent clot with less evidence of organization was present and a very fresh platelet mass was superimposed on this (Fig. 68) . The processes are quite similar to those illustrated in Fig. 62 .
Discussion of these findings is hardly necessary. It is only desired to point out that besides the free clots that are caught in the chordae and then become organized, deforming them and the valves too, there also are dots whose location seems to be determined by preceding hemorrhagic and necrotizing changes in the auricular walls. These have been found both in their very fresh stages and after organization has occurred. That this repair is so promptly effected is illuminating.
Lesions of the valves themselves, it will be appreciated, are more difficult to interpret from the standpoint of morphogenesis than are the two distinct types of thrombotic change just described. With the knowledge of these in hand, however, there is every reason to believe that the valvular changes may result both from organization of free clots caught in the chordae near their attachment, as described (page 605) for the acute stages in No. 275 (Fig. 63 ) and the healed types in No. 354 (page 605) (Fig. 67) and also from primary lesions of the valves. Such valve changes, including edema, hemorrhage, and some cellular infiltration, are encountered frequently after the use of both kidney and testide extracts, but a superimposed thrombus, rare with the former, is not so infrequent with the latter. When this occurs it becomes quite impossible to conclude whether the valve change was primary or secondary to the thrombus; when there is no superimposed thrombus the primary nature of the valve change is evident.
The dots that follow the injection of extracts of testicle, like those with crude kidney preparations, are not restricted to the site of injection or to the blood vessels immediately associated with it, including the right heart. However, unlike the crude kidney preparations which may cause distant thrombi in the portal vein or elsewhere without change in the more immediate path of the injection, with testicle preparations the right heart is practically always involved. Since this is equally true for the intact and for the nephrectomized dog and since mural vascular and cardiac lesions are both less extensive and frequent in the former, the importance of the influence of the extract on the blood itself is enhanced as distinct from intermediation by the mural lesions.
The more frequent occurrence of thrombi in distant vessels when testicle extracts are used is consonant with the facts already recounted. The impossibility of determining morphogenesis of these clots in every instance must again be pointed out. As a rule, the changes in the vessel wall may be considered reactions secondary to the presence of the clot; occasionally more extensive mural vascular and perivascular reactions are encountered. These include necrosis, cellulitis with fibrin deposition, and accumulation of mononuclear cells quite like the reactions around the vessels in the submucosa of the alimentary canal, particularly the stomach. (See Fig. 17 , Win-ternitz, Mylon, Waters, and Katzenstein.'5) That they may be primary, induced in the particular animal by the extract itself with the thrombus as a secondary effect, seems likely. Dog No. 337, a German shepherd, received 61 cc. of saline extract of the powder resulting after acetone-ether treatment of minced testicle. The material was injected in 10 doses of from 2 to 10 cc. over a period of 13 days. Even though the injections were made slowly, many were followed by severe general and central nervous system reactions. These included bleeding from the bowel, nystagmus, transient hemiparesis lasting 5 min., and spasticity of the extremities. A thrombus filled the portal vein and its main tributaries; there was also a pedunculated antemortem clot in the right auricilar appendage, and masses of the same character were caught between the chordae of the tricuspid valve. The microscopic findings in the small veins of the submucosa of the gastro-intestinal tract were of special interest. The cell content of the wall was increased in all 3 layers. Occasionally, these cells were accumulated beneath an elevated endothelium. Mitotic figures were abundant and it was not always possible to identify the cells showing division. The endothelium, mononuclear wandering cells, and unidentified cells in the media were all involved. Occasionally, a small, necrotic accumulation was found under the endothelium (Figs. 70, 71, 72, 73) .
Comparison of such a necrotic mass under the endothelium with similar lesions found in man associated with hypertension and azotemia is of interest. Fig. 61 illustrates this latter process, which has been found repeatedly in pulmonary, coronary, and other arteries under the circumstances enumerated. They also occur after repeated injections of organ extracts, especially the crude extracts of the kidney, and particularly in the radicles of the pulmonary arteries and portal veins. Covered as they are likely to be with endothelium, it is quite out of the question to determine whether they are primarily mural or thrombotic.
The influence of different organ extracts on the clotting time of a plasma-calcium mixture in vitro The foregoing report indicates clearly that while crude kidney extract has a strong thrombus-promoting influence, this is not as great as is a similarly made preparation of testes. It also emphasizes the difference exerted by acetone-ether extraction on the two organs from the standpoint of their thrombus-producing effect: the kidney extract loses this capacity, while the testicle preparation is not materi- The influence of the crude extracts of the various organs is quite apparent. Lung had not been used in the living animal prior to this test and when tried the result was found to conform to the prediction in the chart. Both animals developed cardiac thrombi quite like those found constantly with crude testicle, occasionally with crude kidney, and not at all in a limited experience with crude muscle or liver preparations. After acetone-ether treatment the extracts of the different organs seem to retain the same relation to each other from the standpoint of their influence on the clotting of the plasma-calcium mixture. Testicle extract so prepared clots the test solution even more actively than does the crude lung. The latter produces thrombi in the living animal, so it should be anticipated that the acetone-ether preparation of testes would also have this effect. The acetone-ether preparation of the kidney, on the other hand, is much less active in the test-tube, and this corresponds to the absence of thrombus-producing effects in vivo. The acetone-ether lung preparation, still reasonably active as compared with the kidney, does produce thrombi in the living animal.
Saline extract of minced pig lung after acetone-ether treatment. Dog
No. 555 was examined on the fourth day after the removal of his second kidney. He had received 15 cc. of saline extract of lung previously treated with acetone-ether on the first and second, and 20 cc. on the third postoperative days. None of the injections was followed by clinical symptoms except acceleration of the heart rate in one instance. During and after two of the injections, the clotting time was determined. In both instances it dropped during the first minute and rose to as long as 10 min. after the start of injections. In spite of the change in clotting time only one small gray thrombotic nodule was found on one of the chordae of the tricuspid valve. These findings were corroborated in dog No. 565.
The last two columns of the chart show that the dry weight of 5 cc. of undiluted saline extract of crude testes is nearly twice as great as that of lung or kidney, and further that the lipid residue of the dried fraction of testes is ten times as heavy as that of the lung and 14 times as heavy as that of the kidney. Whether continued acetoneether extraction would remove the positive coagulating effect of testes is not known. On the other hand, it has been shown that further fractionation of the saline extract of the dried powder after acetone-ether treatment of minced testicle, as illustrated in dog No. 351 (page 607), results in the isolation of a nucleoprotein phospholipid compound that retains the ability to cause intravascular clotting.
The chart includes still another point of interest associated with the 1 :1 0 saline dilution of the minced spleen extract pre-treated with acetone-ether. Note the progressive prolongation of the coagulation time of the plasma-calcium mixture from the standard 6 minutes with 2 drops, 12 minutes with 4 drops, and 16 minutes with 8 drops. This would indicate the presence of an anticoagulant in the spleen. Further study of this possibility is in progress, for such an agent in the spleen not only would be consonant with the known effect of the removal of this organ in some types of hemorrhagic disease; it would also, it seems, throw some light on the possible influence individual organs may exert on blood coagulation in its passage through them. For example, the structure of the spleen is proof enough of the slow flow of blood through its channels. Added to this is the probability that many cells are destroyed in the organ with the possible liberation of thromboplastic substance. Should these be the facts, some mechanism to keep the blood fluid would be essential. Moreover, an anticoagulant liberated by the spleen might be a factor in counteracting the known tendency to thrombosis of portal vein blood. This might also be influenced within the liver by the latter's high heparin content. The explanation of dot formation remote from the point of injection of a coagulant can only be explained upon the basis of variation in coagulability of blood in different parts of the vascular system.
A corollary to such a situation is the possibility that the balance in coagulation is maintained by function of various organs as the blood passes through them. Should this be the case it is further possible that the efficacy of an organ in keeping the blood fluid may vary. It will be recalled that loose thrombi formed at the site of injection become tangled in the chordae of the tricuspid valve, rarely reach the pulmonary artery, and never, as would be anticipated, ,,, 6. chordae, is that this thrombus was formed free in a large pulmonary vein and carried thence to the chordae of the left ventricle. When it is recalled that this animal was not only injected repeatedly but also very rapidly with the extract it seems possible that the usual prompt action of the lung in counteracting the effect of the thromboplastic content of the injected fluid was lacking. How the lung acts is not known, but its high content of heparin, like that of the liver, should be borne in mind as a possible explanation. Effect of tissue extracts on the coagulation time of the blood in wivo
The study of the coagulation time of the blood of animals during the injection of extracts has further clarified the clinical and anatomical changes described. The capillary-tube technic has been used for this analysis, checked in occasional experiments by the test-tube method. Crude extracts of kidney and of testes and the preparations of testes pre-treated with acetone-ether have the same general effects. These are illustrated in Graph VIII.
The rapid decrease in the coagulation time during the first 2 minute of injection cannot be determined accurately (injection is made in the vein of the right front leg and blood for examination is drawn from the opposite front leg or the hind leg on the same side). This positive period is indeed transient and is followed within a minute by great prolongation of the dotting time. The latter phase may continue an hour or more after the injection of a considerable amount of extract and return to normal only after a prolonged period, several hours in many instances. The findings are in accord with the literature already cited.
It should be emphasized that both the positive and negative phases are readily demonstrated with as little as 0.5 cc. of extract and, further, that when the animal is in the negative phase after such a small injection, as much as 20 cc. of the same extract may be introduced without appearance of the untoward symptoms already described (Graph IX). It should be noted that even the great prolongation of the clotting time effected by heparin may not entirely eliminate symptoms and that all of the animals showed minor thrombi at autopsy.
Whether the knowledge available concerning the action of organ extracts on the coagulation of the blood includes all of the factors involved cannot be answered. The possibility that, besides the agglutination of the platelets and defibrinogenation of the blood, some anticoagulant is poured into the vascular stream is suggested, but has not been investigated. each. Severe reactions followed each injection and not infrequently the animal was unable to stand for a prolonged period. After the fourth injection a flaccid paresis of the extensor muscles of the left forefoot developed. On walking this manifested itself by a tendency to use the dorsal surface of the foot over the brachiocarpal joint as a base. This paresis was transient, lasting only an hour or so, but returned after several subsequent injections. The usual cardiac thrombi were found in the right heart at autopsy, but the examination of the central nervous system by Dr. Zimmerman failed to reveal gross or microscopic changes.
Fibrin deposition outside and within the walls of blood vessels Consideration of the factors associated with clot formation and, particularly, fibrin deposition within the lumen of blood vessels has drawn attention both to the fibrin in edema fluids and to the "fibrinoid" mural vascular lesions so well recognized in ischemia of the kidney and also in malignant nephrosclerosis in man. The edemas are particularly striking in the loose connective tissue of many hollow viscera, in the submucosa of the alimentary canal, particularly the stomach, gall-bladder, urinary bladder, etc. (see Figs. 14 and 18, Winternitz, Mylon, Waters, and Katzenstein"5), and also in the subserosa including that of the peritoneal and pericardial sacs. These accumulations have been shown repeatedly to be free from bacteria, and it is interesting that the delicate fuchsinophilic network frequently demonstrable in the spaces between the tissue fibers stains specifically for fibrin with the Weigert technic. This-is true even where there is no hemorrhage accompanying the edema (Fig. 74) .
The blood-vessel walls in such areas are prone to show this fibrinoid degeneration. The (Fig. 74) .
These basic facts suggest that when acidophilic or fuchsinophilic amorphous material is found within a thickened vessel wall, as occurs in malignant nephrosclerosis and its experimental counter-parts, it may also be stained by the technic for demonstrating fibrin, as is indeed the case' in the few lesions so far examined.
This possibility aids in understanding the morphogenesis of the lesions of the vessel wall. It indicates the role of exudation in the deposition of fibrin within the wall of the vessel and that it may occur within or as a replacement of media, just as it has been demonstrated in the intima, as a response to irritative non-infectious as well as infectious processes; it suggests that the mechanism of intravascular fibrin formation may be applied as well to the deposition of fibrin extravascularly and indeed within the wall of the vessel itself.
Summary and conclusions
The clinical and morphological changes associated with the intravenous injection of tissue extracts are dependent upon many factors.
Among these must be included the coagulation time of the blood of the animal at the time of injection, the nature of the extract employed and its ability to change the coagulation time even to the production of thrombi, the lesions of heart and blood vessel walls that follow the use of the extracts, and the speed of injection of the extract. The first of these is illustrated by the pregnant-animal. An injection given near the end of gestation, when the blood coagulation time is shortened, causes death even when an extract is used that is reasonably innocuous as far as thrombosis is concerned in non-pregnant dogs. On the other hand, injection of other extracts, more powerful in decreasing the coagulation time of the blood, may be followed shortly by death even of normal dogs. Then massive thrombi are formed. They involve the vein from the point of injection to the heart, and distend and fill the chambers on the right side. In contrast, the blood in, the left heart is fluid and remains so for a prolonged period.
When the injections are made slowly and in small amounts or when less powerful extracts, from the standpoint of their coagulating effects on the blood, are used a brief period of excitement with nystagmus and other evidence of central nervous system irritation usually occurs, followed by unconsciousness. This is variable in duration and in its turn is followed by weakness, and by temporary or permanent paralysis. No thrombi are found at the site of injection and very rarely indeed in the cerebral vessels. They occur frequently twined in the chordae of the tricuspid valve where they are caught in transit through the heart. Here they heal rapidly but may show superimposed healing and fresh clots when injections of extract are made repeatedly and over longer periods. Such healing deforms both the valve and the chordae.
Lesions of the endocardial wall of the heart, especially of the auricle, that result from some extracts are uncomplicated by superimposed thrombi, while others associated with different extracts are complicated by such thrombi. The latter extracts are now known to be more potent in shortening the clotting time of the blood. This emphasizes the importance of clotting time, as distinct from the mural lesion, as a determinant for thrombosis.
Cardiac valvular lesions, like the mural prototypes, occur both with and without complicating superimposed thrombi. In the presence of the latter the study of morphogenesis becomes difficult and often impossible on account of the very rapid healing of the thrombus. This is also true in arteries and veins, so that confidence in the interpretation of mural lesions is secured only when there are no complicating thrombotic changes. Thrombi occur in distant places, including portal, spermatic, and peripheral vessels, when they have not as well as when they have been formed at the place of injection or in the associated-large vessels and right heart. This indicates that the state of coagulation of the blood is not the same throughout the vascular bed.
A measure of the activity of the extract in relation to blood coagulation may be obtained by determining its effect on a standardized citrated plasma calcium chloride mixture. The crude testicle preparation is the most potent. Lung, kidney, spleen, liver, and muscle follow in the order stated. The saline preparation of the powder resulting after acetone-ether treatment changes the order slightly, but more important is the fact that it does not alter the action of the preparations of the different organs to the same degree. The testicle is least affected, a fact which agrees with the marked symptoms and constant thrombi that follow its use with the living animal. Moreover, this preparation is 14 times as rich by weight in lipid residue as is the same preparation of kidney.
This method of determining the effect of extracts has shown also that the extract of spleen obtained from the powder after acetoneether treatment contains an anticoagulant.
Determination of the clotting time of the animal's blood during injection shows that the positive phase, or shortening, manifests itself within half a minute after the beginning of injection and is followed then by a greatly delayed clotting time. The animal may die and his symptoms are always most severe in the positive phase. It follows the injection of very small amounts of potent extract, but repeated injection in the negative phase may be quite devoid of symptoms. This is the case if the shortening in the clotting time associated with the injection is not too great. Moreover, if the clotting time is greatly delayed by heparinization large amounts of potent extract may be injected without symptoms, provided the positive phase that follows injection of extract is not sufficiently marked.
Finally, the demonstration of fibrin in the edema fluid of the various viscera, around the necrotic muscle fibers of the vessel walls, as well as in the acidophilic masses so characteristic of malignant nephrosclerosis aids in the understanding of cause and in the interpretation of these processes. 
